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VOLTAGE GENERATOR, SEMICONDUCTOR
MEMORY DEVICE HAVING THE SAME,
AND METHOD OF OPERATING
SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean patent
application number 10-2015-0069630, filed on May 19,
2013, the entire disclosure of which 1s herein incorporated
by reference in its entirety.

BACKGROUND

Field of Invention
Various embodiments relate to an electronic device, and

more particularly, to a voltage generator, a semiconductor
memory device having the same, and a method of operating
the semiconductor memory device.

Description of Related Art

Semiconductor memory devices are typically categorized
into volatile memory devices and non-volatile memory
devices.

Volatile memory devices perform write and read opera-
tions at high speed, but they are unable to retain data stored
therein without a constant source ol power. Non-volatile
memory devices perform write and read operations at rela-
tively low speed, but they may retain their stored data
regardless of whether they have a constant source of power.

The non-volatile memory devices include Read Only
Memory (ROM), Mask ROM (MROM), Programmable

ROM (PROM), Erasable Programmable ROM (EPROM),
Electrically Erasable and Programmable ROM (EEPROM),
flash memory, Phase-change Random Access Memory
(PRAM), Magnetic RAM (MRAM), Resistive RAM
(RRAM) and Ferroelectric RAM (FRAM). Flash memories
may be NOR type or NAND type.

Flash memories have the advantages of both RAM and
ROM. That 1s, flash memories may be freely programmed
and erased similar to RAM. Similar to ROM, flash memories
may retain stored data even without power. Flash memories
have been widely used as the storage media of portable
clectronic devices such as mobile phones, digital cameras,
personal digital assistants (PDAs), and MP3 players.

In semiconductor memory devices, to prevent a latch-up
and unstable variations of threshold voltages of MOS tran-
sistors caused by the body eflect, bulk voltages are to be
applied to bulks of PMOS transistors and NMOS transistors
within a semiconductor memory device.

Bulk voltages applied to the PMOS transistors and the
NMOS transistors can the amount leakage current of PMOS
and NMOS transistors that are 1n the off state, as well as the
operating speed of the ftransistors. In other words, the
amount of leakage current and the operating speed of the
NMOS transistors may decrease when the bulk voltage 1s
lower than 1ts source terminal voltage. In addition, the
amount of leakage current and the operating speed of the
PMOS transistors may decrease with bulk voltages that are
higher than the voltage of 1ts source terminal.

LlJ L=L

SUMMARY

Various embodiments are directed to a voltage generator
capable of reducing the amount of current consumed 1n a
standby mode of a semiconductor memory device, a semi-
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conductor memory device having the same, and a method of
operating the semiconductor memory device.

According to an embodiment, a voltage generator may
include an operation mode determination circuit suitable for
determining an active mode or a standby mode based on a
chip enable signal to activate an active mode signal or a
standby mode signal according to a result of the determi-
nation; and

a bulk voltage generation circuit outputting a bulk voltage
having an internal power voltage when the active mode
signal 1s activated, and outputting the bulk voltage having an
external power voltage when the standby mode signal 1is
activated.

According to an embodiment, a voltage generator gener-
ating an 1nternal power voltage as a bulk voltage 1n an active
mode of the semiconductor memory device and generating
an external power voltage as the bulk voltage in a standby
mode and an internal circuit including a plurality of tran-
sistors being applied with the bulk voltage.

According to an embodiment, a method of operating a
semiconductor memory device may include outputting a
standby mode signal when a chip enable signal 1s deacti-
vated for a predetermined time or longer, switching an
external power voltage to a bulk voltage 1n response to the

standby mode signal, and applying the bulk voltage to a bulk
ol a transistor of an internal circuit to block leakage current.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a block diagram illustrating a semiconductor
memory device according to an embodiment of the present
invention;

FIG. 2 1s a detailed diagram of an operation mode
determination circuit shown in FIG. 1;

FIG. 3 1s a detailed diagram of a bulk voltage generation
circuit shown 1n FIG. 1;

FIG. 4 1s a circuit diagram 1illustrating transistors included
in an internal circuit shown in FIG. 1;

FIG. 5 1s a wavelorm view describing an operation of the
semiconductor memory device shown in FIG. 1;

FIG. 6 1s a block diagram illustrating a memory system
including the semiconductor memory device shown in FIG.
1,

FIG. 7 1s a block diagram illustrating an applied example
of the memory system shown in FIG. 6; and

FIG. 8 1s a block diagram 1illustrating a computing system
including the memory system shown in FIG. 7.

DETAILED DESCRIPTION

Heremaftter, various exemplary embodiments will be
described 1n detail with reference to the accompanying
drawings. In the drawings, thicknesses and lengths of com-
ponents may be exaggerated for convenience of illustration.
In the following description, a detailled explanation of
related functions and constitutions may be omitted for
simplicity and conciseness. Like reference numerals refer to
like elements throughout the specification and drawings.

Furthermore, ‘connected/coupled’ represents that one
component 1s directly coupled to another component or
indirectly coupled through another component. In this speci-
fication, a singular form may include a plural form as long
as 1t 1s not specifically mentioned. Furthermore, ‘include/
comprise’ or ‘including/comprising’ used 1n the specification
represents that one or more components, steps, operations,
and elements exist or are added.
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FIG. 1 1s a block diagram illustrating a semiconductor
memory device 100 according to an embodiment of the
present mvention.

Referring to FIG. 1, the semiconductor memory device
100 may include a voltage generator 150 and an internal
circuit 140. The voltage generator may include a control
signal generation unit 110, an operation mode determination
circuit 120, and a bulk voltage generation circuit 130.

The control signal generation unit 110 may generate an
active chip signal ACTCHIP 1n response to a chip enable
signal CE_N {for activating the semiconductor memory
device 100. For example, the active chip signal ACTCHIP
may transition from a logic high level to a logic low level
when the chip enable signal CE_N 1s deactivated to a logic
high level for a predetermined time. In addition, the semi-
conductor memory device 100 may determine a standby
mode when the deactivation period of the chip enable signal
CE_N reaches the predetermined time. For example, the
semiconductor memory device 100 may determine the
standby mode when the chip enable signal CE_N 1s deac-
tivated to the logic high level for 10 us.

The operation mode determination circuit 120 may gen-
erate an active mode signal ACTIVE_N and a standby mode
signal STANDBY_N 1n response to the chip enable signal
CE_N and the active chip signal ACTCHIP. The active mode
signal ACTIVE_N and the standby mode signal STAND-
BY_ N may have opposite logic levels. For example, when
the active mode signal ACTIVE_N 1s 1n a logic low level,
the standby mode signal STANDBY_N may be in a logic
high level. On the other hand, when the active mode signal
ACTIVE_N 1s 1n a logic high level, the standby mode signal
STANDBY_N may be 1n a logic low level.

The bulk voltage generation circuit 130 may generate a
bulk voltage VCC_BB by using an external power voltage
VCCE and an iternal power voltage VCCI 1n response to
the active mode signal ACTIVE_N and the standby mode
signal STANDBY _N, respectively. For example, the bulk
voltage generation circuit 130 may generate the bulk voltage
VCC_BB by using the internal power voltage VCCI 1n an
active mode 1n which the active mode signal ACTIVE_N 1s
activated to a logic low level, and the bulk voltage genera-
tion circuit 130 may generate the bulk voltage VCC_BB by
using the external power voltage VCCE 1n a standby mode
in which the standby mode signal STANDBY _N 1s activated
to a logic low level. The external power voltage VCCE may
be higher than the internal power voltage VCCI.

The internal circuit 140 may include a plurality of PMOS
transistors and a plurality of NMOS ftransistors. The bulk
voltage VCC_BB may be applied to bulks of the PMOS
transistors. In addition, 1n the active mode, the bulk voltage
VCC_BB generated using the internal power voltage VCCI
may be applied to the internal circuit 140, and 1n the standby
mode, the bulk voltage VCC_BB generated using the exter-
nal power voltage VCCE may be applied the internal circuit
140.

FIG. 2 1s a detailed diagram of the operation mode
determination circuit 120 shown in FIG. 1.

Referring to FIG. 2, the operation mode determination
circuit 120 may include a logic umt 122, a level shifter 121
and an output unit 123. The logic unit 122 may include an
iverter IV1 and a NAND gate ND. The output unit 123 may
include an inverter IV2 and a bufler BE.

The 1nverter IV1 may receive and invert the active chip
signal ACTCHIP. The NAND gate ND may perform a
NAND combination of an output signal of the mverter IV1
and the chip enable signal CE_N. The mverter IV1 and the
NAND gate ND may use the mternal power voltage VCCI
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as a power voltage. Therelore, an output signal of the logic
umt 122 may have a logic high level corresponding to the
internal power voltage VCCI.

The level shifter 121 may change the logic high level of
the output signal of the logic unit 122 from the internal
power voltage VCCI to the external power voltage VCCE.

The mverter IV2 may invert the signal output from the
level shifter 121 to output the active mode signal
ACTIVE_N. The bufter BF may bufler the signal output
from the level shifter 121 to output the stand Oy mode signal
STANDBY_N. The mnverter IV2 and the bufler BF may use
the external power voltage VCCE as a power voltage.
Therefore, the active mode signal ACTIVE_N and the
standby mode signal STANDBY _N have a logic high level
Correspondmg to the external power voltage VCCE.

FIG. 3 1s a detailed diagram of the bulk voltage generation
circuit 130 shown i FIG. 1.

Referring to FIG. 3, the bulk voltage generation circuit

130 may include a first switch unit SW1 and a second switch
unit SW2.
The first switch unit SW1 may include a PMOS transistor
PM1 connected to the internal power voltage VCCI. The
PMOS transistor PM1 may drive the bulk voltage VCC_BB
terminal with the iternal power voltage VCCI, 1n response
to the active mode signal ACTIVE_N. The bulk voltage
VCC_BB may be applied to a bulk of the PMOS transistor
PM1.

The second switch unit SW2 may include a PMOS
transistor PM2 coupled to the external power voltage VCCE.
The PMOS ftransistor PM2 may drnive the bulk Voltage
VCC_BB terminal with the external power voltage VCCE
in response to the standby mode signal STANDBY _N. The
external power voltage VCCE may be applied to a bulk of
the PMOS transistor PM2.

By a switching operation of the first switch unit SW1 of
the bulk voltage generation circuit 130, the internal power
voltage VCCI may be output as the bulk voltage VCC_BB
in the active mode. By a switching operation of the second
switch unit SW2 of the bulk voltage generation circuit 130,
the external power voltage VCCE may be output as the bulk
voltage VCC_BB 1n the standby mode. In the standby mode,
the first switch unit SW1 1s deactivated, and the bulk voltage
VCC_BB having the external power voltage VCCE may be
applied to the bulk of the PMOS transistor PM1 to prevent
a leakage current path from being established 1n a direction
from the bulk voltage VCC_BB to the internal power
voltage VCCI.

FIG. 4 1s a circuit diagram of transistors included in the
internal circuit 140 shown 1n FIG. 1.

Referring to FIG. 4, the internal circuit 140 includes a
PMOS transistor PM and an NMOS transistor NM.

The PMOS transistor PM and the NMOS transistor NM
may be coupled 1n series.

When the PMOS transistor PM and the NMOS transistor
NM are coupled 1n sernies, 1f a signal SIG_B having the
internal power voltage VCCI 1s transierred as signal SIG_C,
in response to signal SIG_A having the internal power
voltage VCCI, the bulk voltage VCC_BB may be applied to
the bulk of the PMOS transistor PM. In the standby mode of
the semiconductor memory device 100, since the external
power voltage VCCE having a higher voltage than the
internal power voltage VCCI may be applied as the bulk
voltage VCC_BB, a leakage current path caused by the
PMOS ftransistor PM may be blocked. Therefore, power
consumption 1n the standby mode may be reduced.

FIG. 5 1s a wavelorm view for describing an operation of
the semiconductor memory device 100 shown i FIG. 1.
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The operation of the semiconductor memory device 100
1s described below with reference to FIGS. 1 to 5.

1) Active Mode

In an active mode of the semiconductor memory device
100, the chip enable signal CE_N may keep a logic low
level, so that the control signal generation umt 110 may
generate the active chip signal ACTCHIP at a logic high
level.

The operation mode determination circuit 120 may acti-
vate the active mode signal ACTIVE_N at a logic low level
and the standby mode signal STANDBY _N at a logic high
level, 1n response to the chip enable signal CE_N having a
logic low level and the active chip signal ACTCHIP having
a logic high level.

The bulk voltage generation circuit 130 may switch and
output the internal power voltage VCCI to the bulk voltage
VCC_BB terminal in response to the active mode signal
ACTIVE_N having the logic low level, and the bulk voltage
VCC_BB having the internal power voltage VCCI may be

applied to the bulk of the PMOS ftransistor PM included 1n
the 1nternal circuit 140.

2) Standby Mode

When the chip enable signal CE_N 1s applied at a logic
high level for a predetermined time ‘A’ or longer 1mmedi-
ately before the standby mode of the semiconductor memory
device 100 1s determined, the control signal generation unit
110 may deactivate the active chip signal ACIT'CHIP at a
logic low level.

The operation mode determination circuit 120 may deac-
tivate the active mode signal ACTIVE_N to a logic high
level and activate the standby mode signal STANDBY _N to
a logic low level, 1n response to the chip enable signal CE_N
having the loglc high level and the active chip signal
ACTCHIP having the logic low level.

The bulk voltage generation circuit 130 may switch the
external power voltage VCCE to the bulk voltage VCC_BB
terminal 1n response to the standby mode signal STAND-
BY_N having the logic low level, and the bulk voltage
VCC_BB having the external power voltage VCCE may be
applied to the bulk of the PMOS transistor PM 1included 1n
the 1nternal circuit 140.

Therelore, the bulk voltage applied to the PMOS transis-
tor PM 1n the standby mode may be increased, thereby
reducing ofl-leakage current.

FIG. 6 1s a block diagram illustrating a memory system
1000 including the semiconductor memory device 100
shown 1n FIG. 1.

Referring to FIG. 6, the memory system 1000 may
include the semiconductor memory device 100 and a con-
troller 1100.

The semiconductor memory device 100 may be config-
ured and operated in substantially the same manner as
described above with reference to FIG. 1. Thus, a detailed
description thereof will be omitted.

The controller 1100 may be coupled to a host and the
semiconductor memory device 100. The controller 1100
may access the semiconductor memory device 100 at the
request of the host. For example, the controller 1100 may
control a read operation, a program operation, an erase
operation, and/or a background operation of the semicon-
ductor memory device 100. The controller 1100 may provide
an 1nterface between the semiconductor memory device 100
and the host. The controller 1100 may drive firmware for
controlling the semiconductor memory device 100.

The controller 1100 may include a random access
memory (RAM) 1110, a processing unit 1120, a host inter-

tace 1130, a memory interface 1140, and an error correction
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block 1150. The RAM 1110 may be used as operation
memory ol the processing unit 1120, a cache memory
between the semiconductor memory device 100 and the
host, and/or a buller memory between the semiconductor
memory device 100 and the host. The processing umt 1120
may control operations of the controller 1100.

The host interface 1130 may include a protocol for
exchanging data between the host and the controller 1100.
For example, the controller 1100 may communicate with the
host through one or more various protocols such as a
umversal serial bus (USB) protocol, a multimedia card
(MMC) protocol, a peripheral component interconnection
(PCI) protocol, a PCI-express (PCI-E) protocol, an advanced
technology attachment (ATA) protocol, a serial-ATA proto-
col, a parallel-ATA protocol, a small computer small inter-
face (SCSI) protocol, an enhanced small disk interface
(ESDI) protocol, an mtegrated drive electronics (IDE) pro-
tocol, a private protocol, etc.

The memory interface 1140 may interface with the semi-

conductor memory device 100. For example, the memory
interface may include a NAND flash interface or a NOR
flash interface.

The error correction block 1150 may detect and correct
errors 1n data read from the semiconductor memory device
100 by using an error correction code (ECC). The controller
1100 and the semiconductor memory device 100 may be
integrated 1n a single semiconductor device. According to an
embodiment of the present invention, the controller 1100
and the semiconductor memory device 100 may be inte-
grated 1n a single semiconductor device to form a memory
card such as a PC card (personal computer memory card
international association (PCMCIA)), a compact flash card
(CF), a smart media card (SMC), a memory stick, a multi-
media card (MMC, RS-MMC or MMCmicro), an SD card
(SD, miniSD, micro SD or SDHC), a universal tlash storage
device (UFS), eftc.

The controller 1100 and the semiconductor memory
device 100 may be integrated 1n a single semiconductor
device to form a solid state drive (SSD). The SSD may
include a storage device for storing data 1n a semiconductor
memory device. When the memory system 1000 1s used as
an SSD, operational rates of the host coupled to the memory
system 1000 may be significantly improved.

In another example, the memory system 1000 may be
used as one of several elements 1n various electronic devices
such as a computer, an ultra mobile PC (UMPC), a work-
station, a net-book, a personal digital assistant (PDA), a
portable computer, a web table, a wireless phone, a mobile
phone, a smart phone, an e-book, a portable multimedia
player (PMP), a portable game machine, a navigation
device, a black box, a digital camera, a three-dimensional
television, a digital audio recorder, a digital audio player, a
digital picture recorder, a digital picture player, a digital
video recorder, a digital video player, a device for transmit-
tmg/recelvmg information 1 wireless environments,
devices for home networks, devices for computer networks,
devices for telematics networks, an RFID device, other
devices for computing systems, etc.

According to an embodiment, the semiconductor memory
device 100 or the memory system 1000 may be packaged 1n
vartous forms. For example, the semiconductor memory
device 100 or the memory system 1000 may be packaged by
various methods such as a package on package (PoP), a ball
orid array (BGA), a chip scale package (CSP), a plastic
leaded chip carrier (PLCC), a plastic dual in line package
(PDIP), a die in watlle pack, a die in water form, a chip on
board (COB), a ceramic dual 1n line package (CERDIP), a
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plastic metric quad flat package (MQFP), a thin quad flat
package (TQFP), a small outline integrated circuit (SOIC),
a shrink small outline package (SSOP), a thin small outline
package (1SOP), a system 1n package (SIP), a mult1 chip
package (MCP), a waler-level fabricated package (WEFP), a
waler-level processed stack package (WSP), efc.

FIG. 7 1s a block diagram illustrating an applied example
of the memory system 1000 shown i FIG. 6.

Referring to FIG. 7, a memory system 2000 may include
a semiconductor memory device 2100 and a controller 2200.
The semiconductor memory device 2100 may include semi-
conductor memory chips. The semiconductor memory chips
may be divided into groups.

FIG. 7 illustrates the groups communicating with the
controller 2200 through first to k-th channels CH1 to CHKk.
Each of the semiconductor memory chips may be configured
and operated 1n substantially the same manner as the semi-
conductor memory device 100 described above with refer-
ence to FIG. 1.

Each group may communicate with the controller 2200
through a single common channel. The controller 2200 may
be configured in substantially the same manner as the
controller 1100 described with reference to FIG. 6, and
configured to control the memory chips of the semiconduc-
tor memory device 2100.

FIG. 8 1s a block diagram 1illustrating a computing system
3000 having the memory system 2000 shown 1n FIG. 7.

Referring to FIG. 8, the computing system 3000 may
include a central processing unit 3100, a random access
memory (RAM) 3200, a user interface 3300, a power supply
3400, a system bus 3500, and a memory system 2000.

The memory system 2000 may be electrically connected
to the central processing unit 3100, the RAM 3200, the user
interface 3300 and the power supply 3400 through the
system bus 3500. Data provided through the user interface
3300 or processed by the central processing unit 3100 may
be stored in the memory system 2000.

In FIG. 8, the semiconductor memory device 2100 may be
coupled to the system bus 3500 through the controller 2200.
However, the semiconductor memory device 2100 may be
directly coupled to the system bus 3500. The central pro-
cessing unit 3100 and the RAM 3200 may perform functions
of the controller 2200.

As 1llustrated 1n FIG. 8, the memory system 2000 shown
in FIG. 7 may be included as the memory system 3000.
However, the memory system 2000 may be replaced with
the memory system 1000 shown 1n FIG. 6. According to an
embodiment, the computing system 3000 may include both
of the memory systems 1000 and 2000 described above with
reference to FIGS. 6 and 7.

According to an embodiment, since a bulk bias 1s gener-
ated using an external power higher than an internal power
in a standby mode of a semiconductor memory device, a
leakage current caused by transistors of the semiconductor
memory device may be prevented to reduce consumption of
standby current.

It will be apparent to those skilled in the art that various
modifications can be made to the above-described exem-
plary embodiments of the present mnvention without depart-
ing from the spirit or scope of the imvention. Thus, 1t 1s
intended that the present mnvention cover all such modifica-
tions provided they come within the scope of the appended
claims and their equivalents.

What 1s claimed 1s:

1. A voltage generator, comprising:

an operation mode determination circuit configured to

determine an active mode or a standby mode based on
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a chip enable signal to activate an active mode signal or
a standby mode signal according to a result of the
determination; and

a bulk voltage generation circuit configured to outputting,
a bulk voltage having an internal power voltage when
the active mode signal 1s activated, and to outputting
the bulk voltage having an external power voltage
when the standby mode signal 1s activated, wherein the
operation mode determination circuit comprises:

a logic unit configured to perform a logical combination
of the chip enable signal and the active chip signal;

a level shifter configured to change a logic high level of
an output signal of the logic unit from the internal
power voltage to the external power voltage; and

an output unit configured to builer an output signal of the
level shifter to output as the standby mode signal and
to mvert the output signal of the level shifter to output
as the active mode signal

a control signal generation unit configured to generate an
active chip signal, outputted to the operation mode
determination circuit, based on the chip enable signal.

2. The voltage generator of claim 1, wherein the control
signal generation unit deactivates the active chip signal
when the chip enable signal 1s deactivated for a predeter-
mined time.

3. The voltage generator of claim 1, wherein the logic unit
uses the internal power voltage as a power voltage, and the
output unit uses the external power voltage as a power
voltage.

4. The voltage generator of claim 1, wherein the bulk
voltage generation circuit comprises:

a first switching unit configured to switch the internal
power voltage to a bulk voltage terminal 1n response to
the active mode signal; and

a second switching unit configured to switch the external
power voltage to the bulk voltage terminal in response
to the standby mode signal.

5. The voltage generator of claim 4, wherein the first
switching unit includes a PMOS transistor, and the bulk
voltage 1s applied to a bulk of the PMOS transistor.

6. The voltage generator of claim 4, wherein the second
switching unit includes a PMOS transistor, and the external
power voltage 1s applied to a bulk of the PMOS ftransistor.

7. A semiconductor memory device, comprising:

a voltage generator configured to generate an internal
power voltage as a bulk voltage 1n an active mode of
the semiconductor memory device and to generate an
external power voltage as the bulk voltage in a standby
mode; and

an 1nternal circuit configured to include a plurality of
transistors being applied with the bulk voltage,

wherein the voltage generator comprises:

an operation mode determination circuit configured to
determine the active mode or the standby mode based
on a chip enable signal to activate an active mode signal
or a standby mode signal according to a result of the
determination; and

a bulk voltage generation circuit configured to output the
bulk voltage having an internal power voltage when the
active mode signal 1s activated, and to output the bulk
voltage having the external power voltage when the
standby mode signal 1s activated, and wherein the
operation mode determination circuit comprises:

a logic unit configured to perform a logical combination
of the chip enable signal and the active chip signal;
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a level shifter configured to change a logic high level of 10. The semiconductor memory device of claim 7,
an output signal of the logic unit from the internal wherein the bulk voltage generation circuit comprises:
power voltage to the external power voltage;

an output unit configured to buller an output signal of the
level shifter to output as the standby mode signal and s
to invert the output signal of the level shifter to output

a first switching unit configured to switch the internal
power voltage to a bulk voltage terminal 1n response to
the active mode signal; and

as the active mode signal; and a second switching unit configured to switch the external
a control signal generation unit configured to generate an power voltage to the bulk voltage terminal in response
active chip signal, outputted to the operation mode to the standby mode signal.

determination circuit, based on the chip enable signal. 0 11. The semiconductor memory device of claim 10,
8. The semiconductor memory device of claim 7, wherein wherein the first switching unit includes a first PMOS

tl}e control signal et ation unit. deact%vates th.e active chip transistor, and the bulk voltage is applied to a bulk of the first
signal when the chip enable signal 1s deactivated for a PMOS transistor. and

predetermined time.

9. The semiconductor memory device of claim 7, wherein _ 1 th | | . lied
the logic unit uses the internal power voltage as a power L3 sistor, and the external power voltage 1s applied 1o a

voltage, and the output unit uses the external power voltage bulk of the second PMOS transistor.
as a power voltage. ok k% ok

the second switching unit includes a second PMOS tran-
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